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CEPBA-UPC

B Case studies

e OS interrupts

e On the effect of MPI environment variables
v CSS
v MP_SHARED_MEMORY
v MP_EAGER_LIMIT
v USvs IP

e Sweep3D
v'MPI + OpenMP
v/ Computation phase analysis

e SPEC OMP2001
v Load Balance & invalidations @ ammp
v Memory bandwidth @ swim i

. @
e
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OS internals
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CEPBA-UPC

Iacingevenead

DO | =1, 10000
call onpitrace_eventandcount ers(1000, I)
call onpitrace_event andcount er s( 1000, 0)

END DO
® OpenMP
e 0-100ns

ST
. @
Ee
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Iacing ovenhead

DO | =1, 10000
call onpitrace_eventandcount ers(1000, I)
cal |l onpitrace_event andcount er s( 1000, 0)
END DO
L
m MPI
e 0-10018 i
=
UE
=
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Systemintenupis

B Observable

e Per process kernel lock in access to hardware counters

information
| Instructions @ overhead0000048778.prv
THREAD 1.1.1 H
° Qu antu m = Li_misses @ overhead0000035192.prv
| THREAD 1,101 T d i
e Cost
. 277343
TIMEI =
(] reDRaw I [T Comm i Recv I Send 7 Flag I Color ﬂl LI LI ﬂl ﬂl LI

e Skew between CPUs
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On the effect of
environment variables

Jesus Labarta, Judit Gimenez, Jordi Caubet

CEPBA-UPC

Effiect B envinonmentVvanahles

L
B 16 tasks "
. - A0
B Environment T 3 .
LR =
e MP_SHARED_MEMORY g & s e
o MP_EAGER_LIMIT In 2n 4n 8n 4n 8n 1n 2n 4n 8n 4n 8n
1P us P us
v 4k | 64k
s Sweep3D
e MP_CSS_INTERRUPT A s
e |[P/US T = e
o Number of nodes B I
v'1,2,4,8 L « B —
T ECNCR :
in 2n 4n 8n 2n 4n 8n in 2n 4n 8n 4n 8n
P us P us
.
N:
e
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Effiect B envinonmentVvanahles

B Often <10%,

sometimes significant

B Good combination:
e unpredictable

e Autonomic Computing

needed here too

B US reduces influence of

others
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Sweep3D
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Iiacing ovenhead

B Comparison of elapsed time when tracing vs. un-instrumented

e Generally small difference (<5%)
e CSS responsible of outliers

% of increase in elapsed time
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m Effect of MP_SHARED_MEMORY
B Effect of MP_EAGER_LIMIT

B Comparison between US and IP
B MP_CSS_INTERRUPT

B 2 nodes better than 1 node

B USvs. SM

ST
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... SWEEPSH

H The bad

B OS scheduling

e Conflict between application
and MPI implementation
threads

B Ute traces ? Paraver
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... SWEEPSH

H The bad

CSSno
B OS scheduling

e [s yielding used?

CSSyes
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... SWEEPSH

Time span:~ 6s
® The bad e e it s e o

e Process migrations

e Caninternal threads 5™

be bound to their
corresponding
master thread?

7 Theaad rrtmdsdieg 8 EUSALE Pl nl . i pre gr

CSSyes

Time span:~ 12s
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... SWEEPSH

B Time spent by each thread on each processor
e Visible: Thread to processor mapping if CSS ==no

e Curious: Single thread taking more % of CPUtime at each processor if
CSS ==yes: Idle processor (15%)

Thread

CSS no

Processor

CSSyes

=
gl
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MPL SHARED, MEMORY.

B Important difference *

® Ornot N

® Generally worthwhile o . "
e Default NO ??
BT
85
® N
Sweep3D s i\
123 * va
N\ /™ ® S

:i; = . ~
17 ky \ 55
:i: "_\ = \\ 3 us
e = 1 14k 14k
:gj — 0 @ SMn CSSn el4| X SMy CSSn el4|

® SMnCSSnel64k @ SMy cssi
P us
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VP SHARED, MENMORY:

B Load MPI_call configuration SM o

B Important difference
e Need to quantify

B Shared memory: first time
slower

e Significant influence in
average

SMyes
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VIEE SHAREDVIENVORYE

B 2D analysis configuration file

B A given environment set up may
be good for one call and not so
good for other

W Statistics
e Care with selected area
. . time (s)
L May be m|5|ead|ng MPI_Alltoallv duration (us)
v Low miss ratio not always mz:—ﬁ::m:" d“’;‘"";‘_ (us)
synonym of good _Allreduce duration (us)

Avg. Values @ MPI_Alltoallv
Stores

Loads

Mem Ops mix (%)
L2 miss ratio (%)
Mem BW (MB/s)
CPU BW (MB/s)
IPC
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VP EAGER! LIMIT;

BT
85
B Increasing eager limit we expect N~
. BN
e Not much difference 7 A\
B
e An improvement 71
65 7 T
B but may get bad !!! ©
+
55
P us
Sweep3D LU
125 200
123 -« ’)mﬁ( 190
121 \
110 N[/ ;-)x\ 10
170 Ry
N AN wl R
113 BN A 10 _\AV 2 \\-
111 4 \ . S 140 = -
109 1 130 ¢
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105 110
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& SMnCSSneldk X SMy CSSn eldk 'E-
B SMn CSSnel6dk @ SMy CSSn el64k .
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VP EAGER! LIMITE:  SWEEPBH

B Expectation:
e Sufficient Eager limit (64K) =» sends do not wait

B Time distribution of MPI_send
e Fast calls approximately equal

e Slow calls faster
MPI_send duration
B

el 4K

0 D=15 ps

el 64K #calls

L
80us 5401 IP, CSSn, SMy, 4n0des.
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VP EAGER! LIMITE: L SWEEPBH

® Aview from the heights
e Some very slow sends
e Not uniform distribution
v Time distribution
v Per thread distribution

Average MPI_send duration per thread
MPI_send duration
—_—

el 4K
FH HH
T
0 D=100 ps 10 ms

H
H

el 64K |

ST
.: . A5
1 i
H ¥
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MP_EAGER LIMIT: ... sweep3d

B Some very long sends even with large eager limit
e Configuration 1node .....

0 D=100 us 10 ms
£ < 100MB/s

MemBW @ MPI_send duration = 100MB/s
m421MB/s

< 250MB/s
CPUBW @ MPI_send duration B e e 250MB/s
m421MB/s

<0.2%
0.2%
m 42%

L
>1.5ms . Ei
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L2 miss ratio @ MPI_send duration

MP_EAGER. LIMIT: ... sweep3d

B |dentification
e Few cases

v difficult based on direct
navigation state timeline

e Specific view
v' MPI sends of duration >1.5ms

o (Octant @ ERAKSMCSMPLpregz

B Correlation

e With source
e With iteration
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VIPLEAGERLIMI

B Focus View
e Filter Displayed communications
e Hide non relevant threads

B Interpretation
e MP_EAGER_LIMIT ??
v’ Several consecutive sends

v/ What if previous one not yet
received ?
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- SWEENBdI=

& CHPT Call @ EBAKSNCEn MPLpIv-02

VP EAGERUIMY

B Increasing eager limit is bad !!!
e For some calls
e Evenif allmessages <4K
e Flow control issue

64K
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time (s)

MPI_send duration (us)

MPI_recv duration (us)

MPI_lIrecv duration (us)

MPI_Wait duration (us)

CSS no, SM no, 4 nodes

13



USWsHE

B Improves for BT and IS ol o
B Very little for LU, nothing for &
Sweep3d if proper eager limit »
Sweep3D
o ) I YA N
) \ e —

\ B N AW

® 111 \\] - v Nﬁ
201 100 A——.—*Wg

107
15 - 105

P us
ST
& SMnCSSnelk X SMy CSSn eldk . ﬁ
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US vs IP:

B Isend
e Speed

e US less
variance

H |recv
e Uni/Bi modal us

B Wait

e Variance Us
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BT, CSSn, SMn, e4k, 8 nodes
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Sweep3D analysis

Jesus Labarta, Judit Gimenez

CEPBA-UPC

ViRl Panallelization

B Grid Partitioning of i j plane > g m) Phii)

) l Ahi(i)

x

B One column per MPI task

B Reduction on each direction:

e Communicate oni andj
e Pipeline k dimension

e +overlap consecutive sweeps if LY Phijb.kom)
possible [ Phikb(ij.m)

flux(i,j k,n), face(i,j k,n), src(jk,n)

MPI data parallelization

B Input file parameters Flux, face,src;  DISTRIBUTED

e Blocks oni andj directions phii, phi: PRIVATIZED
phikb: DISTRIBUTED
e Pipelining block phijb,phiib: ~ DISTRIBUTED& REPLICATED
=> Communication
T
E
e
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@penviPRParallelization

B Thought for mixed mode (MPI + OpenMP)
e Just core computational loop

B Reduction on each direction
e Compute along diagonal wavefronts

DO i di ag
DO jkm =1, #points in wavefront
j .k, mef (idiag,jkm)

DO n,i ! phi, src

DO i I phijb, phikb, phii, phi
DO n,i I flux, phi

DO i ! face, phii, phijb, phikb

ST
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VIPIWS: @penV R seme mumvers

B Problem
e size: 503

e k plane pipelining: 10

NB Domains | OpenMP time | Decomposition | MPI time
1x6 3.97
6 7.78 23 3.61
3x2 3.71
6x1 4.47
1x12 3.50
2x6 2.74
4x3 2.25
6x2 2.97
12x1 3.98

ST
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VPRI S decomposition: eifect

1927149
==

< 4] o] ) ) ]

H 3x4

H 12x1

REDRAW | I* Comm i Recy . Send { Flag |~ Color

2o =
4] o] ) ) ] for
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Plre@peniviE

DO i di ag

DO jkm =1, #points in wavefront
j, k, mef (i diag,jkm

DO n, i ! phi, src

Parallel DO i ! phijb, phikb, phii, phi
DO n, i I flux, phi
DO i ! face, phii, phijb, phikb
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Computation:
Complex
Overhead

Triangular trip count
OpenMP RTL overhead
Invalidation traffic

Computation:

Complex
Overhead
T
R
ot
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PUre OpeniviP

B |nvalidations -
843.73
s0560
w2370
Invalidations_per ms @ sweep3d.diag.6.C3.prv e
. H : 473971
789.95
e OpenMP B
1702
araphTent
e _331_
REDRAW I I~ Comm _f Recv _{Send _iFlag |7 Color ﬁl LI LI ll 2‘ LI
Invalidations._perms @ sweep3d diag.mpi6.C3.pre .
FOTT TR : FIYYTEyyY
Ii“"|' "\'\\5”‘\‘\\{\(\"((11 ; |
e MPI ! “ it \II\}I i 13—
‘. ‘ s sbmatalalaatslalablaielatenfaetel
e ! ! : =
o [ |
itz : L\I\\H\I‘IMHHI‘H‘I\H\J‘HI\H\I\‘HI‘H‘IN !
" 1133515
- == |
REDRAW I~ Comm _f Recv _{Send _iFlag |7 Color ﬁl LI LI ll 2‘ m L
i
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Alternative structires

DO i di ag
DO jkm =1, #points in wavefront
j .k, mef(idiag,jkm

DO n,i ! phi, src

DO i ! phijb, phikb, phii, phi
DO n,i I flux, phi

DO i ! face, phii, phijb, phikb

mkji form

in thedistributed source

DO m
DO k
DO j
DO n, i ! phi, src
DO i ! phijb, phikb, phii, phi
DO n, i I flux, phi
DO i ! face, phii, phijb, phikb

ST
. @
Ee
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Alternatve fiorms
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@perVIE: seme numbers

® Problem
e size: 5073
e k plane pipelining: 10

Insufficient parallelism

L ocality Contention on locks Invalidation, RTL overhead
Elapsed OMP AIUM_THREADS
Time
Version o Y Y ) A I - A - I ) B Y I " = 5
corit 2826 2441 2684 2647 2928 3034 3043
cpipe 2663 1845 1301 1253 1006 7.67 £ 7.76
diag 17.28 13.09 11.40 9.64
Kjmi 1486 1001 7.35 582 489 434 380 362 338 309 304 2.88 260 269 264 253
Kikmi 1491 847 635 491 424 358 346 2090 281 278 265 229 222 216 219 215

Invalidations

Instruction count overhead?
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@penVIPcontention onlecks

B Version ccrit, 6 Threads

[ Dok Paralld |
DO
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@penPlnsuificient parallelism

B Version cpipe, 7 threads

e outer iteration count: 6
e parallel + worksharing

e Internal pipelined
iteration

Jesus Labarta, Judit Gimenez, LLNL Tutorial, July 22-23 2002
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CoMmpArng|modes

Single mode better

Seq OpenMP
MPI partition 1 2 4 8 16
0 - 6633 | 0 22,77
1 1x1 6699 | 3821 23,55
2 1x2 79,34 | 5000 | 36,58
2x1 89,60 L5752 | 42,36
1x4 66,20 | 7167 | 277> | /28,24
4 2x2 79,72 | 86,73 52.01 J 34,60
ax1 76,04 | 8804 | 54/ | 37,05
1x8 37,83 ¥'40,27 | 74,90
8 2x4 12,94 | 46,071 28,84
4x2 4609 1L=0.74 | 33.%9
8x1 44,71 | 50,91 | 36,34
1x16 23,12 | 24,82
16 4x4\ 24,75 | 26,86
16x1\ 28,40 | 32,60

Decomposition effect Scheduling I nter ference ﬁ
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B MPI (4 tasks) + kjmi
e 4 threads, k pipeline=10

1346527

J |
[ Feoran ] = conm tmecy tsans Frag Fcaar 40 4] | o1 | ]

e 2 threads, k pipeline=10

1430217

I
Reoraw | = conm mscy i sena 1 e 1 cor 44 4] 0| o] »]

aralle]_functions @ sweep3d.kjmi. Ix4xd-12.prv.

e 4 threads, k pipeline=12

v’ Less K iterations

J |
ReoRaw | = conm mscy i sena 1 e 1 cor 44| 4] 0| o] »|
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Computaten distiblbeR IStegiams

B Sweep3d (300 x 300 x 125) , 8x8x1 (MPI_I x MPI_J x OpenMP)

u 2D
e Cw: core loop duration
e Statistic: % #bursts

B Comments 7.3ms  — 10.5ms

e Load imbalance ?
Yi#tbursts
Blue: 15%
Green: 0

0 D=150ms 15ms
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Computaten distiblbeR IStegiams

B 8x8x1

#stores
Blue: 650K
Green: 620K

m 2D
e Cw: core loop duration
e Statistic: average value
e Dw:#stores

0 D=150ns 15ms

B Comments
e Load imbalance: stores =f (CPU)
v'300=37*8+4

e Precision of measurements (consistent detection of small
percentual variations)

e #Stores ! f(time) ?

ST
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Computavenrdistihutientnistegans

B Sweep3d (300 x 300 x 125) ,1x8x8 (MPI_I x MPI_J x OpenMP)

H 2D
e Cw: core loop duration .

o 6.6 ms r§/— ms

e Statistic: #bursts

B Comments
e Pipeline
v 175 us

10ms

D=100ms
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Computavenrdistihutientnistegans

e Cw: core loop duration
e Statistic: average value
e Dw: CPU/memory BW ratio

B Comments 0 =100
e Generally low reuse
e There is structure
v Interpretation ?

Jesus Labarta, Judit Gimenez, LLNL Tutorial, July 22-23 2002

10ms
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Perfermance indices coyrelation

H Example

e L2 misses vs Memory BW

e |PC vs Memory BW

Loads vs Memory BW
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Analysis of the SPEC

OMP2001 Benchmarks with

Paraver

Jesus Labarta, Judit Gimenez

CEPBA-UPC
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Analysisimetiiedoeleay:

Sequential fraction

TPC @ euake b

Instruction Processor efficiency

count

L oad balance efficiency

Synchronization Cache misses Invalidations Bandwidth

- nam L
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Amimpiload valance

Parallel_functions @ ammp_hasenonel€ C1.prv

—=
—_—
—
——
—_—

Parallel_functions & ammp_hase.nonel6 Cl.prv

_————§
—_—
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Ariimpsleepischeduling
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Synchnenizanen

Reduction_locks @ mgrid_base.nonedCl.prv

THREAD

THREAT

L
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Aniiaes L2 missianio

L2_miss_ratio @ ammp_base.noneS8CN.prv.gz

THREAD

i ; i
D 11 : i |
THREAD 1.1 n " y
THREAD . " .
THREAT n . !

THREAD

Accumulator  Semarfic Vale i | Statistics Average value g | 7 HorzdVer
I Calor enabled
Data LZ mISS _ratin Q | Calculate Al
Repeat Save As Text All trace All window Analyze oK -1
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Aniiaes L2 missianio

miss_ratio @ ammp_base.nonel6 CN.prv.gz

average value o It IRl
7 Color enabled
Data Q I Calculate All
! n
Repeat Save As Text | Al trace All window | Analyze -
min B max T2 F| detalx min | max |30 F|
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IRvalidatiens

Invalidations @ ammp_base.nonel6CN.prv.gz

Jesus Labarta, Judit Gimenez, LLNL Tutorial, July 22-23 2002

Biandwidth

L2_Mem_BW (KB/s) @ swim_base.nonelCN._prv.gz

THREAD 1.1.1

Larger Y scale

THE o1y
THREAD 1,1,

SameY scale
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Bandiwidth

Accumulator  Semantic Vaue i statistics Average value | AR

7 Color enahled

Data LZ_Mem_BW (KB/s) &I I Calculate All

Repeat | Save As Taxtl All trace | All Fv FF|
Semantic Value — | Average value | 7 Honz/vert
— ¥ Color enatied
[Analyzer Histogram: Analysis computed for Parallel_functions @ swim basd .| ] pata L2_Men_BW (k&) ] - oo

Accumulator Semanfic Value — | Statistics  Averagevaue | | HoiE/vert

I~ Color enabled

Data L2_Mem_BW (KBS) Q| H Calculate Al

9

Repest | SavemsTe| __Altace | _Alwndow | _anayze | ok |

mln,h_ max,b_ F| uaua,h_ mm,b_ mu,lmTlﬂ

Repeat | SaveAsTedt| _ Alitace | Allwindow |  Analyze | ok | =
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